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ABSTRACT

Excitation cross section for the doubly ionized states of argon,
neon and krypton has been found for the process where a fast moving
free electron impinges upon a neutral atom causing the neutral atom
to go from tN o (¢ N-3 _ nt")ina very short time compared to the
relaxation time of the ion.
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EXCITATION CROSS SECTION FOR SOME OF THE
DOUBLY IONIZED STATES OF ARGON, NEON
AND KRYPTON BY FAST ELECTRONS

I. INTRODUCTION

It has been shown'"®3 that the method of sudden perturbation can
account for the excitation of some of the excited states of argon II in the
pulsed argon laser. This method of calculation yields correct results
only when the Hamiltonian changes from an initial state to a final state
in a very short time compared to the relaxation time of the system.®
In this method, the eigenfunctions of the unperturbed Hamiltonian are
expanded in terms of the eigenfunctions of the perturbed system. In
the problem that we are considering, we assume that a neutral atom
with an { N outer shell configuration loses m(m=2) of its ¢ N electrons,
in a very short time compared to the relaxation time of the atom, after
making a collision with a fast impinging electron. Before collision, the
eigenfunction of the system consists of the product of a free electron
wave function with that of the product of a free electron wave function
with that of the bound atomic electrons. After collision, the new eigen-
functions are the product of the wave function of (m+1l) free electron,
with those of ¢N-M pound atomic electrons. Two cases are considered.
For the first case, it is assumed that the atom makes a collision with a
fast-moving electron, loses two of its N outer shell electrons, and is
simultaneously excited, i.e., e N~ (l,{\l‘3-n2). There the atom is doubly
ionized and excited at the same time. For the second case, it is assumed
that two collisions are involved, i.e., the atom makes a collision and goes
to an excited single ionized configuration (fyn° ~-nf'); then, though another
collision, it may lose its excited nf' electron or one of the £n “® core
electrons. This process is important when (EmN’Z -nf') is a metzstable
state or a state with relatively long life time. The states for which
excitation cross sections will be found are 13,4)2 ,nlg'' 3 P>, IP, b2, nlg"
1D, > and [£3, ¢2, nlg ; 1Sg> with ¢, = *S,%D or 2P.

To obtain the probability of production of any one of the new states,
we have to expend the unperturbed Hamiltonian eigenfunctions in terms
of the complete set of eigenfunctions of the new Hamiltonian. The over-
lap integrals in these calculations involve those between electronic bound
states before and after collision and between bound and resulting free
electronic states. The absolute-square values of the former set of
integrals are proportional to the excitation cross section, whereas the
corresponding values for the latter set are proportional to the ionization
cross section. Since experimental double ionization cross sections for



most of the atoms are known, the excitation cross section for case one
can be calculated exactly.

For example, for the 3p6 outershell configuration of neutral
argon to go to the 3p3 - 4p state after collision with a 100 ev electron,
we find a cross section of 8.9 X 107 cm?. In what follows we shall
attempt to find expressions for the cross sections of the various excited
states. These states are represented by their angular momentum

quantum numbers, i.e., states of the form ¢ N- 3¢Z, n?''s;$1>. For
noble gas atoms where N=6, {={'=1 we have ¢, =4S, 2P or ZD and ¢;

can be !'s,, 3Po 1,2 Of 1D, . We shall calculate cross sections for all
the 12 possible combinations of ¢, and ¢; . Figure 1.

II. CALCULATION
Case One

We now assume that the atom makes a collision with an electron
and loses two of its electrons, simultaneously. In order to know the
posmble excited states, we have to expand the unperturbed eigenfunctions
1¢Noo; F1i> in terms of the eigenfunctions of the perturbed Hamiltonian.
This eigenfunction consists of the product of ’£N¢o> bound wave function
and the Fjj free electron wave function. We have, after expansion

(la) [eNg s F 5> = 5‘ ans | 1N-36,5n0's, 0, Fyf, Fapo Faf>
ld

n, f

where lﬂ§_3¢z;ni”s, 3 ™ 1s an excited doubly ionized state of the

atom, n{" is the excited electron, and {p are the core elgctrons. The
subscript n indicates that the radial wave function of ﬂII:I- core electrons
changes as the principal quantum number n of the excited electron
assumes different values. In Eq. (la), s stands for the spin 1,2 of the
electron, and ¢ with or without super- or subscript stands for the cor-
responding angular wave functions. For example, in ¢N-3 9y, ¢ re-
places L, S;, M1, and Ng,, where L, is the total orbital angular
momentum, S; is the total spin-angular momentum, and M1,, and N§S,
are the projections of L and S on the magnetic z-axis. Fif, Faf and Fgf
represent the wave functions for the three free electrons after the
impact. The summation in Eq. (la) is over all the possible final states, F.
For Eq. (1) we have



N-3 .
(lb) Zanf’:z<en ¢Z:ne"s,¢llZFlprzf,F3f|lN¢o: F11>
f

-~

To calculate these inetrix elements, we first expand the bound
atomic wave function IEN¢O> in terms of its parents and grandparents
and then decouple two electrons, in other words we have

(2a) |eNy > = E (eN-1g {|eNo_)(eN-2¢, {{¢N-1¢)
¢: ¢1
[eN-26; 155 15, 00>

where two electrons have been separated from the core. The eigen-
functions in Eq. (2a) can be decoupled to give us,

[N > = }“ (L - 204M L FMI 545, -25+Ns o +Ns

-

(2b)

¢,P1, M1.,My, ML‘I’
NS’ Ns, NSI’ Mfzt NSZ

{[LO] [L] [Sol [S“% (fN-lo {,fNC)O) (gN—Z¢1{’£N-1¢)

L L L L, ¢ L 'S s S, S, s

o

M1, My, MLO ML, Mg ML Ng Ns, Ns,/\Ns, Ns,
[ eN-2¢, > |04, Mg, Nsy > €5 Mg, Ng, > |

where the symbol [x] = 2x+1, ¢, stands for Ly, Sy, My, and Ngj.
Replacing Eq. (2a) back in Eq. (1) we obtain

S

Ns



(2¢) Zanf= Z (eN-2¢, { |eN-1o)(e N-1o {]eNo,)
f q)’ (bl
N-3 -
<L) Td,,nl'"s, ¢ [ N 2¢1>
.
v z | (_1)L+L1 - 20+ MLO +Mji, + S+S¢ - Zs+NSO+ Ns
£

ML’ME 1’ML11 Mfz
(Ns:Ng,Ng, , Ns, - f

o

{[Lo} [L] [So] [s]}

L ¢ Lyg\/Li t L S s S, STR S

M, Mg, Mo/\Mp, Mg, ML/\Ms Ms, Ms,/\Ms, Ms, Ms

~ <f1i flf ><ES‘ Mﬂl‘ NS[ f fo ><QS; MLZ NSZ Fgf >

In the above equation the absolute square value of the quantity in braces
({}) is proportional to the double ionization probability of the atom. It
consists of the product of an initially free electron and two bound
electrons with the wave functions of three free electrons. In Eqg. (2c¢)
one more matrix element remains to be calculated. and that is the

quantity

(2d) <eN-36,me", 0, | 1N-201>

Z Lo+, -£"-0+Mp, ' +M L, +Sz,+S2'-2stMs;"+Mg,

(-1)

q)?.l OMLZ’ MQI"MLZ’
Mﬂ NSZ ) NSZ': Ns

(L] [La] [51] (S92 =




L, "Ly ) S;' s S¢ ) ‘L't L, S;! s 8§
X
MLZ Mﬂ” MLI'- st Ns NSI' MLZI My MLI)(NSZ' Ng Ns

x (QN—3¢Z {[2"N‘Z¢l)<n2"S»M£"Ns IZS,MZ Ng>
N-3
<t, ¢2I2N—3¢z>
or

(2e) <N, nts, 00| (N-301> = (4N-3g, {lzN'zm)Smfe(r)Fnz"(r) dr
0

o 0}

N-3
8 [5 fg(r)Fgp(r) dr} B(¢1, &1 ) B(¢2 ¢2") (L, L") B(Lp, £)
0

Of course, the results of Eq. (2d) could have been intuitively clear
except for the coefficient in front of the integrals. In Eq. (2e) fg(r)

is the radial wave function of one of the 12N¢0> neutral ground state
atoms; fn¢(r) and fg, are the wave functions of the excited runing

electron and the corresponding core electrons of the 21\ 3¢z, nf''s ¢,">
doubly 1omzed configuration. In Eqs. (2a) through (2c) the quantities
(ZN\{J{IEN 4)) are the coefficients of fractional parentage (6) and the
symbols in large parentheses are the usual 3 - j symbols.”

The probability that the doubly ionized atom will be in an excited
state of the form IZ N3 ¢2,nl'"'s, d3> would be proportional to an|2 )
where

(3a) ap = Z anf -

f

This means we have to calculate the quantities in braces of Eq. (2c) or,
in other words, sum over expressions of the form <f; |{s My Mg>, which
are the overlap integrals between the bound electronic states and all the
possible final states of the free electron. We can, however, avoid these
calculations by using the experimentally available total cross section
data for removing two electrons from the atom. If we represent the
double ionization cross section by QtT(E), where E represents the energy
of the intial free electron state |f,i>, then from Eqs. (2c), (2e), and (3a)

)




we have for the excitation cross section of the state [!ZN"3¢3, nt''s, ¢;>
from the ground state ‘12 N¢o>, after impinging with an electron having

a kinetic energy E,

(3b) Qn(E) = {E(QN_3¢’2 {|eN-2¢,)(eN-2¢, {| eN-16)(eN-1¢ {[ No )
¢

Lo 2
X Sm fo(r) fngr(r) dr X B fo(r) fg(r) dl] N-3
0 0

QtH(E) 62, nt") 5(¢, &n),

where Qp(E) gives the excitation cross section for the [a}}"%z, nl''s ¢1>
configuration, the N-3 £, electrons couple to give¢, i.e., L, Sz;

then these angular momenta couple with £'' to give L, S;, My, Ny or ¢; .
For the case of Noble gas atoms, which are of interest to this paper,

¢ =0,=nt"=1, N= 6 and the only possible L, S, states are %D, 2 P

or 4S.%8  The possible final L.} S; states would be 1p, 3_1:_’ or 'S. This is
seen from Eq. {(2e). Moreover, the summation over ¢ in Eq. (3b) breaks
down since in the case of £° only one possible ¢ state can exist, namely

zE )
So far neither the coefficients of fractional parentage nor anything
in Egs. (3b) or (3c) gives us any information about the total angular
momentum J = L + S of the excited state or its excitation cross section.
In the above example, for the noble gas atoms we find that the only
possible excited states, when two electrons are removed from an outer
o shell, are |2'%,,nl"s, 'D>, |36, nt's, *p>, or 12" %,, nd"s, 15>,
with ¢, assuming any of the three possihle states of £'*. In this example,
1Dy has 2 J = 2 and 'Sy has a J = 0, butin >Pj, J can assume the value
of 1,2 or 0. In general, to find the probability of excitation for any J
we have to change the order of coupling of the angular momenta of the
expression in Eq. (2a) from LS to jj coupling, i.e.,

(43) 12N¢0>: Z (ZN—lcp{lqu)o) (2N~2¢1{|2N-1¢,)
¢1’¢

x “N-ZLlsl;fol:LS;fz sz Lo So Jo~



{4b)

In the above equations jn =4 ts

N N-1 N N-2
!g ¢o> = }‘(l ¢ {ll ¢0) (¢ $1 {lﬂNd?)z

¢, JOJl-jljZ
NE £ L,
2
{[L] 18] [L] [s] [3] [3:] [3:] [32]} j S s3 S,
B PR
- -
L, 4 L
N-2 . .
S s, Spox |4 TLaSyJis fisiiiaLST i £z s2dzs JoM > .
| N1 Ja J

n® the quantities in curly brackets are the

9 -j symbol, and to distinguish the two separated electrons, for the

purpose of summation, a s

i\l}bszcript is added, As in Eq. (2b) we can un-

couple the eigenfunction [£7 L3SiJ;; £151J, LST; 42 52z J M > in
terms of 3-j symbols and a product of the three wave functions, namely,
,ZN-ZLI Sidi M, > l,tl s1J1 Mj, > 12 sz J2 Mj, >. Using instead the jj
coupled eigenfunctions, Eq. (2c) becomes

(4c)

N-2 N-1 N-1 N
PRV (0 et N (e e)
£ ¢o¢l»J9jlajz

{IL, ) [s,] (L) (8] [3] [5:] [5,] [z 1¥°

J’L £, L, L, & L

S S2 So S 51 S

‘\J Ja2 Jo Jy h J
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X <21'1N_3 L, Sz jz5 nt's, Ly' S1' J1' My fN_2L151J1M1> X

[ summation over all final states of the overlap integrals and some 3-j
symbols] .

In Eq. (4c) we have added an extra index J; to the coefficients apf to
designate the total angular momentum of the excited state. As before,
the last term in brackets is simply the overlap integrals and is pro-
portional to the double ionization cross section, and the first portion
gives the excitation probability. The excitation cross section to any
state of the form [2}}1'3 L, S, J,; nt'sj, JyM> from the ground state
,2N¢ > 1is,
o

(5) QnJ, = Z Z (eN-2, { [eN-24 ) (¢ N-2¢, {| N-1¢)

¢ Jsjlsjz
(eN-1o {| eNo)

X {[Lo] [Sol [L] [S] [3] [34] Lid [ic] }2

L 2, Lo | (L, ¢ L

(3]
45 s So Sy s, S5 (‘ fe(l) fg0(r) dr

L JOJ Juonn J

0

" U fo(r) fon(r) dr} y  QtHE) 2(¢, tn) o0, ne ")
0

For the calculations of the radial integrals, a self-consistant Hartree-
Fock computer program in the Slater approximation was used, !° and
the results for neon, argon, and krypton are given in Table I. As an
illustration, we have calculated the excitation cross section for all the
3p3-4p configuration of argon IIl, and this is presented in Table II.

The total cross section for having a 3p?-4p configuration after collision
with a 100 ev electron is about 0.88 X 1071® | and this is divided among

all the possible angular momentum states permissible from the 3p® -4p
configuration.



Case Two

Here we assume that the atom loses one electron through collision,
and assumes an excited configuration of the form (2%}1{2, nf,;). Then,
through another collision, loses the excited nf; electron or one of the
¢N-2 . re electrons to assume a final (EN'3, n{') configuration, where
N is the total number of electrons in the valence shell. Having seen
the principle of the calculations for case one, we can now write the
cross section without going through the detailed mathematics, the only
difference being that one has to go twice through equations of the form
Eq. (2c). Figure 2 shows schematically what happens.

In the second collision where the excited runningNe_lfctron is lost,
we have for the excitation cross section of the state lZZm bz, $1>

(6) Q(E,E') =fz (eN-31, {[eN-2¢,)(eN-24, {|1N-10)
¢s¢1
(eN-1o{ tNo,) S‘”f“r, fng,(r) dr
0

N-2
X g‘fg(r') £ 10(r") dr'J

00 o0 °|N~312
X S‘O fp ln(r”) fml;_(r”) dr X [gofeln(r) fgzm(r)er

J

Q*(E) Qg (E') 8(¢, £1n) 2L nt) B(&miz) B(L lom)

where Qt(E) is the usual single ionization cross section and QY\IQI(E') is
the ionization cross section for removing the nf; excited electron from

the (lll\lr{,zhll) configuration. Qng, could be very large as the excited n{
electron assumes higher orbits. The first set of the two integrals in
Eq. (6) gives the overlap integrals for the bound states when after a
collision EN»(I}\II;Z, n{;), while the second set of the integrals give the
overlap integrals for the (2%\}{2, ng;) — (g ) — (l;\rrﬁ » mi) situation. The
possible final states are exactly the same as those given in case one,
namely, I23¢z ymizs, 1>, where 93 is a 3p,!D, or a 1S state. Tables III
and IV give the radial integrals for the above two processes.




Now, if in the second collision, instead of the excited electron a
core electron is removed, i.e., if (Z%\rlf »nf)) goes into the intermediate
state (31\111-3, nf), the total orbital and spin angular momenta of the final
states will not be evident as in the previous cases. We have to change
the order of coupling of the electrons of the excited singly ionized atom.
After having separated the electron which has to be lost from the core
i.e., by expressing the state in terms of coefficients of fractional
parentage,

(7a) 211§'2 141S;; ng;s, LSI> = Z (PN'3¢2 {|PN'2¢1)
$2
X N-3 ) .
{1n L; S:; £ins, L1Sy; nty s, LST >,

we then change the order by first coupling the excited n{;s electron

to the L, S, core states and then couple the separated {55 core electron
to the resultant states to obtain the final LS.f states, i.e.,

—Al ‘ﬁ‘ _ o _ _ l
L) 2 Lasisnt s, L8> = ) (PN 20 ([PN4n) ) {[T) [5]}F
— Ld
b2 LS
L. L Ljfs: ss N-3 -
|tin = L2 Sz; nfys, L S;2yns, LSI>

nfl lln L1 S S 51

where the quantities in large curly brackets are the 6-j symbols.® Now
we use Eq. (7b) to calculate the overlap integrals between this singly

ionized state and the doubly ionized states. The matrix element involved
is,

N-2

N-3
(7C) ‘illn ¢1;n215, ¢: Fii !sz ¢z;mﬂz ¢1I§ Flf: F2f>

f

00

X (‘ fneg, (r) fm23(1') dr X [‘S‘O

N-3
£0 1n(x) fgm(r)]
“0

B(¢1 , &) B(nly, ml) 8(Lin, Lom)

10



where @ replaces all the 3-j symbols and summartions over them. It
is_seen that the only possible excited states are the $ states, namely
LS. From Eqgs. (7b) and (7c) we can now write the excitation cross
section for all the states |l;y, 9z, mlys $>, where § stands for LS,

(8) Q:(E, E) = Z(EN-% {[eN-%4,) (eN-2¢, {|tN-1¢) (¢N-1¢{]No )
¢

_ 1 _, [, L L Sz S S
(L] [5]2

nfy & L, s s 5

00

-

(“” Rs N-3
X fnll(r”)fml3(r”) dr'' X ‘ fon(r) £ gsm(r)dr
VO ./0

e N-2
fo(r) fngl(r) dr X [‘0 fz(r‘)fzm(r') dr]

Q*(E) Qf,_(E")

There Qfln(E) is the cross section for removingNan electron from the
core of the singly ionized excited state of the (ﬂm'z, nf;) configuration.
This cross section is proportional to the square-absolute. value of the
overlap integrals in Eq. (7c) between bound and the free electrons.
Table V gives the overlap integrals for the bound atomic states of

Eq. (7c) for neon, argon, and krypton and Tables VI and VII gives the
necessary coefficients of fractional parentage for the pN shells of the
Noble gas atoms.

For the case of Noble gas atoms, we can also determine the
possible ¢ states in Eq. (7a) L=1, S=1/2, ¢, is either *s, 2P or *D.
From the triangular relations of the 6-j symbols ¢ can be *P when
¢z =*s,"[s, P, D] when ¢, = 2P and finally ¢ = ¥ P, D], when ¢, = °D.

11



III. CONCLUSIONS

Two cases of excitation have been discussed. For case one,
since the double ionization cross section is large!l’, i.e., of the order
of 10717 c¢m? and because of the relatively large overlap integrals, we
notice that removing two electrons from the valence shell causes an
electron to go to an excited n{'" shell with a relatively high probability.
From Table I we see that this probability decreases as n increases.

The probability of the excited electron to go to continum, that is
to say the atom to be triply ionized, after the removal of two electrons,
would be (1 - ~ probability to go to nl' excited shell). For the case of
neon, we have " QttH(E) = 0. 17 Q+++(E), for argon ottHE) = 0.045 Qt+t
(E) and for krypton QttH(E) = 0.04 Qtt(E). Qttt is the cross section
for triply ionizing the atom. It is seen that in the measurements of
ionization cross section of removing two electrons could possibly cause
the atom to be rather triply ionized.

For case two, we treated two special situations. Both of these
situations are not likely to occur in discharges of Noble gas atoms
since the lifetime of the lower excited states are relatively short;
however, in atorns where the excited states have longer lifetimes
this situation could become probable. An example is the 3p4[3p] -3d® F
states of argon. In this case, the atom becomes ionized and excited
and then relaxes to the above ionized metastable state. If the population
of these states is large, then it is quite possible that the atom becomes
doubly ionized through these states. Labuda, et. al.!? , have measured
the population density of these states and found them to be quite large.

12
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TABLE II
EXCITATION CROSS SECTION FOR |p%¢;, 4ppy>
STATES OF ARGONt+t FOR CASE ONE AT
ELECTRON ENERGIES OF ABOUT 100 EV.
Qt+(100 ev) = 2.96 x 107" cm? (ref 10)

~19
a(l(3p®) *s,4p, 'Dp>) = 2.17 % 1077 cm?

Q(l(3p3) %5, 4p, 3P>) = 0.95 % 1077 ¢m
Q(|(3p%) 45, 4p, Py>) = 0.57X 10°% cm
| 3, 4 3 _ -19
Q(I(3p°) °S,4p, *P,>) = 0.19X 10 cm
0( (3p%) 2D, 4p, 3Pp>) = 1.20 x 107  cm?

Q((3p%) *D, 4p, *Pp) = 0.72 X 107 cm?

Q((3p*) ?D, 4p, *Pg) = 0.25 % 1077  cm?
Q(|(3p%) ?P, 4p, 'Dp) = u.72 X 107°  cm?
Q(l(3p3) “P,4p, *Pp>) = 0.72 <1077  cm
a(l(3p%) *P, 4p), *Pp>) = 0.42 %X 10°Y om
O([(3p%) “P,4p, 3Bp>) = 0.13 % 107° m
1

Q([(3p®) *P, 4p. 'Sp>) = 0.57 % 10°?  em

16



TABLE III1

OVERLAP INTEGRALS FOR THE PROCESS tN~4N-%ny,

[ ogf,(r)f,'n(r) ar]* xoj' f(r) £, (7] dr

.

a» 3.3 3.4 a.5 ag a.’
Neon 0.980 -0, 1308 -0,0525 ~0,0290
Argon 0. 985 -0.1195 «0,0466 -0,0247
Krypton 0.985 -0,1165 -0.04515 -0,0237
17



Ne II

2p*-2p
Zp4 -3p
2p*-4p
2p* -5p
2pt -6p

00

? 3
‘szzm(r) fg, nlx)dr} x S £0, n(1) fmg, (r) dr

OVERLAP INTEGRAL ZFOR THE CASE

TABLE IV

_2 - -
(% n81) — fin © —tm” a0ty

Nelll

oo

ArlIll

AIN 3p3 -3p

3p4 -3p
3p* -4p
3p* -5p
3p*-6p
.31:)4 -Tp

r
KrII\

4p*-4p
4p* -5p
4p* -6p
4p4 -Tp
4p4 -8p

0 0
2p*-2p 2p*-3p _2p’-4p  2p’-%p 2p*-6p
0.9894  -0.1177 -0.0452 -0.0247 -0.0153
0.9996  -0.0476 -0.0227 -0.0133 -0.0088
0.9992  -0.0416 -0.0213 -0.0128 -0.0086
0.9992  -0.0397 -0.0209 -0.0127 -0.0085
0.9992  -0.0390 -0.0207 -0.0126 -0.0085

3p3—4p 3p3—5p 3p3-6p 3p3-7p
0.9912  -0.1072 -0.03%8 -0.0208 -0.0130
0.9996  -0.0435 -0.0205 -0.0116 -0.0075
0.9992  -0.0350 -0.0190 -0.0113 -0.0074
0.9992  -0.0323 -0.0184 -0.0111 -0.0074
0.9988  -0.0311 -0.0182 -0.0l1l -0.0074

111
4p®-4p  4p3-5p  4p3-6p  4p’-Tp 4p3-8p
0.9980  -0.1035 -0.0384 -0.0201 -0.0123
0.9996  -0.0417 -0.0198 -0.0112 -0.0071
0.9992  -0.0329 -0.0182 -0,0108 -0.0071
0.9988  -0.0297 -0.0176 -0.0107 -0.0071
0.9988  -0.0284 -0.0173 -0,0107 -0.0071

18



Nm

Zp4 -2p
2p* - 3p
-2p* -4p
2p* -5p
2p* -6p

3p*-3p
3p‘ -4p
3pt-5p
3pt-6p
3pt-Tp

4p* -4p
4p4 -Sp
4p%-6p
4p*-Tp
4p*-8p

N-2

N-3 -
(4 ) ny)— (L1~ » nty) — (40~

o0

thn( r) fy 3m(1') dr

TABLE V
OVERLAP INTEGRALS FOR THE CASE

3

3

o0

] mf:;)

X S‘ fne, (r) fmgs(r) do

0 0
Nelll
2p*-2p  2p*-3p 2p’-4p  2p*-5p  2p*-6p
0.9894 -0.1177 -0.0452 -0.0247 -0.0153
-- 0.9341 -0.3680 -0.0842 -0.0477
-- -- 0.8134  -0.5405 -0.0704
- _- -- 0.6378 -0.7021
- -- -- -- 0.4223
ArlIl
ng?\\\\‘ 2p3-3p 2p*-4p 2p® -5p 2p’-6p  2p*-7p
0.9912 -0.1072 -0.0398 -0.0208 -0.0130
- .9477 - .3402 -0.0768 -0.0438
- -- .8444  -0.5102 -0.0653
-- - -- 0.6828 -0.664
- -- -- -- 0.4702
Krill
KN 4p3 -4p 4p3 -5p 4p3 -6p 4p3 -7p 4p3 -3p
0.9920 -0.1035 - .0389 -0.0201 -0.0123
-- 0.9555 -0.3329  -0.0742 -0.0425
- - 0.8527 -0.4794 -0.0634
- -- -- 0.6954 -0,6557
- .- -- - 0.4919
19



TABLE VI

COEFFICIENTS OF FRACTIONAL PARENTAGE
FOR STATES p® ¢ WITH p* ¢; PARENTS

4
p> &/p ¢y ls 3P 1p
2P (1 3 1
\j15 5 3
TABLE VII
COEFFICIENTS OF FRACTIONAL PARENTAGE
FOR STATES p*¢;, WITH p* ¢, PARENTS
p* oy /p 0, s 2 p 2D
P 1 2 J1ls
3 2 2y 3
1 J3
1 - =
D ; =
20
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Fig,

1.

An electron colliding with a neutral Noble gas atom
resulting in three free electrons and an excited
doubly ionized atom. For argon if the colliding
electron has a kinetic energy of 100 ev the cross
section for the 3p> -4p configuration is

8.9 X 1071 cm?
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Fig. 2.

Here the process of excitation is in two steps,

(2) The atom loses an electron and becomes
excited to a p* -n{ configuration,

(b) The excited ionized atom makes another
collision, loses its excited electron
and then relaxes to a doubly ionized
excited state,

(¢) The excited ionized atom through collision
loses one of its core electrons and
then relaxes to a doubly ionized
excited state,
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